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Description 

Technical Field : 

[0001] The present invention is directed to surgical in- 
struments. More specifically, the present invention is di- 
rected to instruments for intravascular surgery and other 
surgical and in-body procedures. 

Background Art: 

[0002] Various types of devices have been suggested 
for removal of intraluminal occlusions. Generally, these 
devices may be classified according to the following as- 
pects: 

(a) The manner by which occluding tissues are re- 
moved, e.g., the use of mechanical cutters, lasers, 
ultrasonic devices, fluid jets, etc. 

(b) The manner by which energy is transmitted to 
the cutting head, e.g., via flexible drive shafts, fluid 
power, electrical wires, etc. 

(c) The manner by which loosened tissue debris is 
removed, e.g., collecting the tissue debris in a col- 
lecting chamber next to the cutting head, aspirating 
the tissue fragments, fragmenting the tissue to very 
small particles, etc. 

[0003] The following U.S. Patents are believed to ex- 
emplify state-of-the-art surgical catheter devices. 
[0004] U.S. Patent No. 4,31 6,465 to Dotson discloses 
an ophthalmic cutter that comprises a driving device 
having a helical groove and helical ridges cooperating 
with the groove. A cutting device is connected to the 
driving device to sever any tissue which extends through 
an aspiration port of the aspiration needle. 
[0005] U.S. patent No. 4,324,243 to Helfgott et al dis- 
closes an apparatus and process for aspirating and 
evacuating a pneumatically operated surgical instru- 
ment. A series of pneumatic pulses are generated and 
transmitted to a piston of a charging assembly and the 
surgical instrument to cause a hollow tube of the instru- 
ment to move toward the distal end of a cutting tube in 
a cutting stroke. 

[0006] U.S. Patent No. 4,674,500 to DeSatnick dis- 
closes the use of a protective sheath for a cutting blade. 
The blade remains in the sheath until ready for use. 
[0007] U.S. Patent No. 4,749,376 to Kensey et al dis- 
closes a reciprocating working head catheter. The cath- 
eter comprises a tubular body or jacket having a drive 
and a movable working head. The drive includes a drive 
wire that extends from the proximal end located outside 
the patient to the motion translation means. The cable 
is rotated at high speeds and the motion translation 
means converts the rotation of the drive cable to a ro- 
tating reciprocating motion of the working head. 
[0008] U.S. Patent No. 4,790,81 3 to Kensey discloses 
a catheter having a working head which is adapted to 



be rotated by a turbine drive while the head is advanced 
into a restriction in a passageway. The turbine includes 
structure to coaxially supply a drive fluid through a cen- 
tral passage to a rotatable cutting head or turbine head 

5 which includes turbine blades. 

[0009] U.S. Patent No. 4,819,635 to Shapiro disclos- 
es a tubular microsurgery cutting apparatus that in- 
cludes an outer tubular member having an open end 
fixed to a housing of the driving end. An inner tubular 

10 sleeve has an open end and a cutting end that recipro- 
cates within the tube. Reciprocation is produced by a 
piston which is driven by a source of pulsing air supplied 
through end cap through a tube. 
[0010] U.S. Patent No. 4,850,957 to Summers dis- 

15 closes an atherectomy catheter having an outer cathe- 
ter tube and an inner catheter tube. A hydraulic motor 
is housed within the inner catheter tube and includes a 
cutting element connected to a drive shaft of the hydrau- 
lic motor. Fluid under pressure is forced into a stator cav- 

20 ity to provide powder to turn or rotate a rotor. 

[001 1] U.S. Patent No. 4,957,482 to Shiber discloses 
an atherectomy system for cutting, ingesting and remov- 
ing obstructions from within an artery. A flexible catheter 
is disposed over a flexible guide wire which is insertable 

25 into an artery. A hollow blade having teeth is provided 
at the distal end of the catheter. The catheter is rotated 
by a motor coupled to the catheter through a hub and 
belt. 

[0012] U.S. Patent No. 5,024,651 to Shiber discloses 
30 an atherectomy system having a rotary flexible catheter 
for coring and ingesting obstructions. A flexible rotary- 
catheter has coring means at its distal end. The catheter 
is slidably disposed in a sleeve. The sleeve has a win- 
dow region near its distal end. the sleeve defines in the 
35 vessel a trajectory for the coring means to move along. 
Negative pressure for aspirating cut material can be ap- 
plied through a rotary joint. 

[0013] U.S. Patent No. 5,047,008 to de Juan et al dis- 
closes a vitrectomy probe for removing vitreous materi- 

40 als having a blade which is located on the outer end of 
a tubular member which is attached to the end of a suc- 
tion outlet tube. The blade is reciprocated by injecting 
pulsating pressurized fluid through a fluid inlet tube and 
port 22 into chamber 47. The pulses cause a diaphragm 

45 to push against a retainer connected to a suction outlet 
tube. The retainer and suction tube are urged away from 
the fluid chamber toward a stop ring causing a spring to 
be compressed and inner tubular member with blade to 
slide toward cutting position. 

50 [001 4] EP-A-0 338 965 discloses a device for removal 
of intra-luminal occlusions, the device comprising a 
catheter; a piston located within the distal end of the 
catheter for simultaneous longitudinal and rotational 
movement therein; milling means connected to the pis- 

55 ton; means for driving the piston and thereby the milling 
means alternately in opposite directions; and suction 
means for removing milled material. 
[001 5] The present invention is directed to a catheter 
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device for the removal of intraluminal occlusions which 
provides particular advantages over the prior art as dis- 
cussed below. 

Disclosure of the Invention; 

[001 6] It is one object of the present invention to pro- 
vide a surgical device for removing intraluminal occlu- 
sions. 

[0017] It is another object of the present invention to 
provide a catheter device for removing intraluminal oc- 
clusions. 

[0018] Another object of the present invention is to 
provide a catheter device which includes a reciprocating 
and rotating cutting head. 

[001 9] It is a further object of the present invention to 
provide a catheter device which includes means to as- 
pirate debris from a lumenal passage. 
[0020] A further object of the present invention is to 
provide a catheter having a sheathable or retractable 
cutting head. 

[0021] According to these and further objects of the 
present invention which will become apparent as the de- 
scription thereof is presented below, the present inven- 
tion provides a device for removal of intraluminal occlu- 
sions which includes: 

a catheter having a longitudinal axis, a distal end 
for insertion into a patient and a proximal end; 
a piston located within the distal end of the catheter 
for simultaneous longitudinal and rotational move- 
ment therein; 

means for moving the piston longitudinally and re- 
ciprocally within the catheter and, in response to the 
longitudinal and reciprocal movement, rotating the 
piston about said longitudinal axis; and 
a cutting head, the cutting head being attached to 
the piston for simultaneous longitudinal and rota- 
tional movement together with the distal piston; 

characterised in that said means for moving the 
piston comprises in combination, a closed wave-shaped 
groove, formed either in a circumferential surface of the 
piston or in an interior surface of the catheter, and at 
least one stationary pin which projects from the other of 
the two surfaces. 

Brief Description of the Drawings 

[0022] The present invention will be described with 
reference to the attached drawings which are given by 
way of non-limiting examples only. Wherever possible 
like reference numerals have been utilized to identify 
common elements throughout the figures. 
[0023] Figure 1 is a sectional view of the distal end of 
the apparatus according to one embodiment of the 
present invention. 

[0024] Figure 2 is an isometric view of the distal end 



of the embodiment of the invention of Fig. 1. 
[0025] Figure 3 is an illustration of the wave-shaped 
groove which shows the cutouts that determine the di- 
rection of the rotation of the distal piston. 
5 [0026] Figure 4 is a cross sectional view of the proxi- 
mal end of the apparatus according to one embodiment 
of the present invention. 

[0027] Figure 5 is a cross sectional view of an alter- 
nate embodiment of the distal end of the apparatus of 
the present invention. 

[0028] Figure 6 is a cross sectional view of an alter- 
nate embodiment of the proximal end of the apparatus 
of the present invention. 

[0029] Figure 7 is a sectional view of an alternative 
embodiment of the distal end of the apparatus in which 
the guide wire is of the fixed wire system type. 

Best Mode for Carrying Out the Invention 

[0030] Hereafter, the end of the catheter, which is de- 
signed to be inserted into the patient's body, shall be 
referred to as the "distal end". The other end, which is 
designed to remain outside a patient's body, shall be re- 
ferred to as the "proximal end". In view of the above, 
"distal direction" or the term "distally" shall indicate a 
general direction from the proximal end to the distal end 
and "proximal direction" or "proximally" shall refer to an 
opposite direction. 

[0031] The present invention provides for a catheter 
device which includes a cutting head for removing intra- 
luminal occlusions. The cutting head is reciprocally 
movable from a first position in which is it sheathed by 
or retracted in the end of a catheter tube, to a second 
position in which the cutting head extends beyond the 
end of the catheter tube. 

[0032] In addition to being reciprocally movable, the 
cutting head simultaneously rotates as it is moved re- 
ciprocally. 

[0033] The simultaneous reciprocal and rotating 
movement of the cutting head may be achieved by ap- 
plication of fluid, e.g., gas or liquid, pressure directly on 
a piston to which the cutting head is attached. Upon ap- 
plication of the fluid pressure, this piston simultaneously 
reciprocates and rotates. This movement of the piston 
is directly transferred to the cutting head which is at- 
tached to the piston. 

[0034] As will be discussed below, the fluid pressure 
is pulsatile and the movement of the cutting head to the 
first or sheathed position may be assisted by means of 
a spring biasing force. 

[0035] Because the fluid acts directly on a piston (re- 
ferred to below as the distal piston) to drive the cutting 
head and does not pass through the piston, only one 
tube is required to transmit the fluid pressure. This de- 
sign is a particular advantage over prior devices which 
require multiple tubes to supply and remove fluid to tur- 
bines and other driving means. 
[0036] The fluid pressure which acts on the distal pis- 
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ton is applied by another piston (to be referred to as the 
pressure piston) located at the proximal end of the cath- 
eter tube, which is connected to a reciprocating drive 
unit. The two above mentioned pistons move in unison. 
While pushing the pressure piston proximally, the pres- 5 
sure in the tube rises, resulting in movement of the distal 
piston in the same direction. Simultaneously, the distal 
piston undergoes a rotational movement as well, due to 
a wave-shaped groove located in its body, which is 
forced to rotate over stationary pins. As the pressure pis- 
ton retracts proximally the pressure in the tube is re- 
duced and the distal piston is forced to move proximally 
both by a spring force and by the vacuum created in the 
tube. Simultaneously, the distal piston and cutting head 
rotate in the same manner as explained above. This 
combined motion facilitates cutting of the occlusive ma- 
terial in the vessel. 

[0037] The present invention provides means to re- 
move tissue debris from the site at which the cutting 
head cuts an object, e.g., an occlusion. In a device ac- 
cording to one embodiment of the present invention, re- 
moved debris is removed through an annular passage 
in the catheter. This annular passage is created when 
the above mentioned tube through which fluid pressure 
is applied to the distal piston is concentrically located 
inside another outer tube. In this embodiment it is pos- 
sible to aspirate blood and cut material, e.g. tissue, de- 
bris by a third piston, (referred to below as the suction 
piston), located in the proximal end of the catheter de- 
vice, or by a vacuum cylinder, or by an equivalent suc- 
tion pump. 

[0038] In a device according to another embodiment 
of the present invention, tissue debris is removed by col- 
lecting the debris in a collection chamber which is locat- 
ed between the cutting head and the distal piston. 
[0039] As note above, the cutting head can be posi- 
tioned in a first sheathed or retracted position. When in- 
serting and moving the distal end of the catheter in a 
patient, the cutting head is maintained in the first 
sheathed or retracted position in order to ensure safe 
passage and prevention of vessel perforation. 
[0040] Figs 1-3 depict the distal end of the catheter 
according to one embodiment of the present invention. 
As shown in Figs. 1 and 2 the catheter comprises an 
outer flexible tube 1. Concentrically positioned within 
outer tube 1 is an inner tube 2, which if desired can be 
provided, with a braided reinforcement 3. 
[0041] An annular passage 4 is defined between outer 
tube 1 and inner tube 2. The distal end of outer tube 1 
is located in a jacket 5. A cylinder 6 is concentrically lo- 
cated in jacket 5. Cylinder 6 contacts jacket 5 only by a 
plurality of protrusions 8 at its distal end and a plurality 
of protrusions 9 at its proximal end. The plurality of pro- 
trusions 8 and 9 are discrete and are spaced evenly 
around the outer circumference of cylinder 6. Because 
spacings are provided between adjacent protrusions, an 
open annular passage 10 is defined between cylinder 6 
and jacket 5. As discussed below, passage 10 enables 



removal of blood and tissue debris. 
[0042] Inner tube 2 is connected at its distal end to 
cylinder 6. A distal piston 7 is housed within cylinder 6. 
Distal piston 7 is driven by fluid 28 applied through inner 
tube 2. A sealing means (e.g., O-ring) 11 at the distal 
end of distal piston 7 provides fluid-tight seal between 
the inner tube 2 and chamber 12. The pressure of fluid 
28, which originates at the proximal end of the appara- 
tus, fluctuates. The manner in which the pressure fluc- 
tuates will be discussed below with reference to Fig. 4. 
[0043] As the pressure of fluid 28 rises in inner tune 
2 distal piston 7 is forced distal I y in a rotational move- 
ment. The rotational movement of distal piston 7 is ef- 
fected the presence of a closed wave-shaped groove 
13 formed in the outer circumferential surface of distal 
piston 7. The movement of distal piston 7 is directed by 
one or more stationary pins 14, which are assembled in 
cylinder 6 and protrude into wave-shaped groove 13. 
The pattern of closed wave-shape groove 13 may vary 
according to the number of pins 14, and according to 
the desired ratio of reciprocating to rotational move- 
ment. 

[0044] Following a reduction in the fluid pressure in 
inner tube 2, distal piston 7 is pushed proximally by 
spring means 15 and drawn by a vacuum created in in- 
ner tube 2. Simultaneously, piston 7 undergoes a rota- 
tional movement in the same way as previously de- 
scribed. That is, by the cooperating action of the wave- 
shape groove 13 and stationary pins 14. 
[0045] A cutting head 16 is housed within jacket 5. 
The cutting head 16 has a stem 17 which passes 
through a central hole 18 in cylinder 6 and is connected 
to distal piston 7. The distal section of cutting head 16 
has one or more cutting blades 19. Blood and tissue de- 
bris which are removed by the cutting head are drained 
to chamber 20 via openings 21 in cutting head 16 (Fig. 
2). Because the cutting head 16 is connected to distal 
piston 7 it follows the same rotatory and reciprocating 
motion as distal piston 7. This combined movement fa- 
cilitates the incision of an occlusion. 
[0046] In Figs. 1 and 2 the cutting head 16 is shown 
at its most distal location. When no fluid pressure is ap- 
plied to distal piston 7 through inner tube 2, spring 15 
forces cutting head 16 to move proximally so that it is 
concealed in jacket 5. This manner of concealing the 
cutting head 16 ensures that no injury will be caused to 
lumenal walls during insertion of the catheter into and 
patient's vessel. The manner in which piston 7 rotates 
in a predetermined direction is explained with reference 
to Fig. 3 below. 

[0047] A guide wire 22 extends distally in front of cut- 
ting head 16 for guiding the catheter through a patient's 
vessel. Guide wire 22 passes through inner tube 2 all 
the way up to the proximal end. At the distal end guide 
wire 22 passes through hole 23 in distal piston 7 and 
through hole 24 in stem 17. According to another em- 
bodiment, guide wire 22 can be shorter and its proximal 
end can be connected to the inner circumference of cyl- 
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inder 6. The guide wire, as shown in Figs. 1 and 5, can 
extend through the catheter device. Alternatively, the 
guide wire can be of the fixed wire system type as shown 
in Fig. 7 in which one end of the guide wire 22 is fixed 
to the housing 81 of the catheter device. 5 
[0048] A sealing means is provided for forming a fluid- 
tight seal between guide wire 22 and distal piston 7. The 
sealing means (e.g., O-ring) 25 is mounted in recess 26 
and is held in place by a retaining ring 27. 
[0049] Fig. 3 depicts the way in which piston 7 is ro- 
tated in a predetermined direction. In Fig. 3 the devel- 
opment of closed wave-shaped groove 13 is shown. 
Dashed lines 1-1 and 2-2 represent the same spatial 
line. The wave-shaped groove 13 is longitudinally sym- 
metrical and thus has no effect on the direction of rota- 
tion of distal piston 7. Sloped cutouts 30 and 31 deter- 
mine the direction of rotation. 

[0050] Proximal movement of distal piston 7 is equiv- 
alent to a rightward movement of closed wave-shaped 
groove 13 in Fig. 3. When cutouts 31 encounter station- 
ary pins 14 upward movement of the distal piston is 
caused. This movement is equivalent to a counter-clock 
wise (CCW) rotation of distal piston 7 (when viewed 
proximally). Distal movement of distal piston 7 also will 
result in the same CCW rotation due to similar reasoning 
but this time it will encounter cutouts 30 rather than cut- 
outs 31. The direction of rotation is dependent on the 
slope direction of cutouts 30 and 31 . The effect causes 
reciprocating movement of distal piston 7 in a continu- 
ous CCW rotation. 

[0051 ] Fig. 4 shows the proximal end of the apparatus 
according to one embodiment of the present invention. 
The proximal end provides several functions: 

a) Aspiration of blood and tissue debris from the cut- 
ting head 16. 

(b) Creation of fluctuating or pulsatile pressure re- 
quired for the movement of distal piston 7. 

(c) Control movement of guide wire 22 and fixing its 
position when necessary. 

[0052] As shown in Fig. 4, outer tube 1 and inner tube 
2 are connected to support block 40 which may gener- 
ally have a rectangular shape. As noted above, an an- 
nular passage 4 is defined between outer tube 1 and 
inner tube 2. Annular passage 4 serves for transferring 
blood and tissue debris from the distal end of the cath- 
eter to the proximal end thereof. As shown, passage 4 
is opened to chamber 41 . 

[0053] A duct 42 connects chamber 41 and chamber 
43. In operation, aspiration at the distal end of the cath- 
eter is performed when suction piston 44 moves up- 
wards. Sealing means (e.g., O-ring) 45 maintains the 
vacuum in chamber 43. When a vacuum is created by 
the upward movement of suction piston 44 check valve 
46 is opened and simultaneously check valve 47 is 
closed causing aspiration of blood and tissue debris 
from the distal end of the catheter into chamber 43. 



[0054] After aspiration, suction piston 44 moves 
downwards. As the suction piston moves downwards 
check valve 46 is closed and check valve 47 is opened 
thus forcing out blood and tissue debris from chamber 
43 into removable collecting bag 48 via tube 49. To 
maintain a vacuum, opening 42 and chamber 43 are 
closed with plate 50. Plate 50 contains sealing means 
(e.g., elastic gasket) 51 and is assembled to block 40 
with screws 52. 

[0055] Reciprocating drive unit 53 is fastened to plate 
50 with screws 54. The drive unit 53 can be of any type 
that provides reciprocating motion e.g., linear actuator, 
crank mechanism, etc. Drive unit 53 is connected to suc- 
tion piston 44 via rod 56, which passes through sealing 
means (e.g., O-ring) 57. Drive unit 53 is operated by 
switch 55. 

[0056] A pressure piston 58 having a sealing means 
(e.g., O-ring) 59 is connected to rod 56, which is a part 
of drive unit 53. The reciprocating movement of drive 
unit 53 and the attached pressure piston 58 produces 
pressure fluctuations. These pressure fluctuations are 
transferred via opening 60, chamber 61 , and inner tube 
2 to distal piston 7. Fluid 28 can be added to inner tube 
2 if desired via opening 62 and valve 63. 
[0057] Block 40 contains another opening 64 through 
which guide wire 22 passes. A sealing means (e.g., O- 
ring) 65 is located in recess 66 and forms a fluid-tight 
seal between block 40 and guide wire 22. Pressure on 
sealing means 65 is maintained by threaded fitting 67. 
Guide wire 22 passes through opening 68 and through 
chucks 69, that are part of fixing nut 70. Tightening fixing 
nut 70 squeezes chucks 69 against tapered recess 71 
and against guide wire 22 thus preventing guide wire 22 
from moving. 

[0058] Fig. 5 depicts an alternate embodiment of the 
distal end of the catheter. The basic idea of this embod- 
iment is similar to the one described in Figs. 1-3. The 
difference between the two embodiments is the way in 
which tissue debris are removed from the occlusion site. 
In the embodiment of Figs. 1-3 debris are aspirated via 
the catheter to the proximal end. In the embodiment 
shown in Fig. 5 debris are collected into a collecting 
chamber located next to the cutting head and removed 
from the collection chamber after the catheter is re- 
moved from the patient. 

[0059] In Fig. 5 the catheter comprises a tube 80, 
which if desired can be provided with a braided rein- 
forcement 83. The distal part of tube 80 is located in 
housing 81. A distal piston 7 is housed within housing 
81. Distal piston 7 is driven by fluid 28 which is applied 
through tube 80. A sealing means (e.g., O-ring) 11 at 
the distal end of distal piston 7 provides fluid-tight seal 
between tube 80 and chamber 12. The pressure of fluid 
28, which originates at the proximal end of the appara- 
tus, fluctuates. The way the pressure fluctuates will be 
discussed below with reference to Fig. 6. 
[0060] As the fluid pressure rises in tube 80 distal pis- 
ton 7 is forced distally in a rotational movement. The ro- 
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tation is effected by the presence of a closed wave- 
shaped groove 13 formed in the outer circumferential 
surface of distal piston 7. The movement of distal piston 
7 is directed by one or more stationary pins 14, assem- 
bled in housing 81 which protrude into wave-shaped 
groove 1 3. The pattern of closed wave-shape groove 1 3 
may vary according to the number of pins 14, and ac- 
cording to the desired ratio of reciprocating to rotational 
movement. 

[0061] Following a reduction in the fluid pressure in 
tube 80, distal piston 7 is pushed proximally by spring 
means 1 5 and drawn by a vacuum created in tube 80. 
Simultaneously, piston 7 undergoes a rotational move- 
ment in the same way as previously described. 
[0062] A cutting head 1 6 is located within housing 81 . 
Cutting head 16 has a stem 17 that passes through a 
central hole 18 in housing 80 and is connected to distal 
piston 7. The distal section of cutting head 16 has one 
or more cutting blades 19. Blood and tissue debris are 
drained via opening 21 in cutting head 16 and stored in 
chamber 82. Cutting head 16 is connected to distal pis- 
ton 7 and therefore follows the same rotatory and recip- 
rocating motion as distal piston 7. This combined move- 
ment facilitates an incision of the occlusion. 
[0063] In Fig. 5 the cutting head 16 is shown at its 
most distal location. When no pressure is applied to dis- 
tal piston 7, spring 15 forces cutting head 16 to move 
proximally so that it is concealed in housing 81. This 
manner of concealing the cutting head ensures that no 
injury will be caused during insertion of the catheter into 
a patient's vessel. The way in which piston 7 rotates in 
a predetermined direction is explained above in refer- 
ence to Fig. 3. 

[0064] As shown in Fig. 5, a guide wire 22 extends 
distally in front of cutting head 1 6 for guiding the catheter 
through a patient's vessel. Guide wire 22 passes 
through tube 80 all the way up to the proximal end. The 
distal end of guide wire 22 passes through hole 23 in 
distal piston 7 and through hole 24 in stem 17. Alterna- 
tively, guide wire 22 can be shorter and its proximal end 
can be connected to the inner circumference of housing 
81 . A sealing means is provided for forming a fluid-tight 
seal between guide wire 22 and distal piston 7. The seal- 
ing means (e.g., O-ring) 25 is mounted in recess 26 and 
is held in place by a retaining ring 27. 
[0065] Fig. 6 shows an alternate proximal end of the 
apparatus. The proximal end shown in Fig. 6 provides 
two functions: 

(a) Creation of fluctuating pressure required for the 
movement of distal piston 7. 

(b) Control movement of guide wire 22 and fixing its 
position when necessary. 

[0066] As shown in Fig. 6, a syringe pump 91 is fixed 
to housing of drive unit 96 by bracket 95 and clamp 92. 
The syringe piston 90 is connected to rod 94 via bracket 
93. Rod 94 is a part of drive unit 96 which moves in a 



reciprocating movement. The drive unit 96 can be of any 
type that provides reciprocating motion e.g., linear ac- 
tuator, crank mechanism, etc. The speed and direction 
of this movement is controlled by drive unit 96. Drive unit 
5 96 is operated by switch 97. The movement of syringe 
piston 96 produces fluctuating pressure in fluid 28. This 
pressure is transferred to the distal end of the catheter 
via tube 80. 

[0067] As shown in Fig. 6, the proximal end of the 
catheter also contains a T-shaped or branched fitting 98. 
Guide wire 22 passes through one opening in fitting 98. 
A sealing means 65 is located in recess 66 and forms a 
fluid-tight seal between block support fitting 98 and 
guide wire 22. Pressure on sealing means 65 (e.g., O- 
ring) is maintained by fitting 67. Guide wire 22 passes 
through opening 68 and through chucks 69, that are part 
of fixing nut 70. Tightening fixing nut 70 squeezes 
chucks 69 against tapered recess 71 and against guide 
wire 22 thus preventing guide wire 22 from moving. 
[0068] The materials from which the various elements 
of this catheter are constructed can be selected from 
known materials which are conventionally utilized in 
catheters. The braided reinforcement elements noted 
above likewise can be constructed from woven or lam- 
inated strands of known materials such as nylon. 



Claims 

30 1. A device for removal of intra-luminal occlusions 
from a patient, the device comprising: 

a catheter (1) having a longitudinal axis, a distal 
end for insertion into the patient, and a proximal 
35 end; 

a piston (7) located within the distal end of the 
catheter for simultaneous longitudinal and ro- 
tational movement therein; 
means for simultaneously moving the piston 
*o longitudinally and reciprocally within the cathe- 

ter and, in response to the longitudinal and re- 
ciprocal movement, rotating the piston about 
said longitudinal axis; and 
a cutting head (16) attached to the piston for 
45 simultaneous longitudinal and rotational move- 

ment together with the piston; 

characterised in that said means for moving 
the piston comprises, in combination, a closed 
so wave-shaped groove ( 1 3) formed either in a circum- 
ferential surface of the piston or in an interior sur- 
face of the distal end of the catheter, and a pin (14) 
projecting from the other of the said two surfaces 
and which is received by the groove. 

55 

2. A device according to claim 1 , wherein the closed 
wave-shaped groove is formed in a circumferential 
surface of the piston, and the pin projects from an 
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interior surface of the catheter. 

3. A device according to claim 1 , wherein the closed 
wave-shaped groove is formed in an interior surface 
of the catheter and the pin projects from the circum- 
ferential surface of the piston. 

4. A device according to any of claims 1 to 3, wherein 
at one position of its longitudinal motion the cutting 
head is within the distal end of the catheter, and at 
another position the cutting head extends beyond 
the distal end of the catheter. 

5. A device according to any preceding claim, wherein 
the cutting head comprises at least one cutting 
blade (19). 

6. A device according to any preceding claim, wherein 
the catheter includes a chamber (20) for receiving 
material cut by the cutting head, the chamber being 
located between the piston and the cutting head, 
and the cutting head having a bore (21) there- 
through for the passage of material into the cham- 
ber. 

7. A device according to claim 6, wherein the chamber 
is connected by a passage to the proximal end of 
the catheter. 

8. A device according to any preceding claim, wherein 
the catheter includes a guide wire (12) which ex- 
tends through the piston and the cutting head. 

9. A device according to claim 8 , wherein the guide 
wire extends beyond the distal end of the catheter. 

10. A device according to claim 8, wherein the catheter 
includes a branched fitting (98) near its proximal 
end and the guide wire enters the catheter through 
that branched fitting. 

11. A device according to claim 10, wherein the 
branched fitting comprises means (69,70,71) to se- 
cure the guide wire. 

12. A device according to any preceding claim, wherein 
pump means (58) is provided at the proximal end 
of the catheter for applying fluid pressure to the pis- 
ton for driving said piston. 

13. A device according to claim 12, wherein the pump 
means comprises a reciprocating pump means. 

14. A device according to claim 13, wherein the pump 
means comprises dual pumping means both for ap- 
plying fluid pressure to the piston and for applying 
a vacuum to aspirate material cut by the cutting 
means. 



15. -A device according to claim 14, wherein the pump 
means comprises a single piston to perform said 
dual pumping. 

5 16. A device according to any of claims 12 to 15, where- 
in the pump means comprises a chamber for col- 
lecting cut material. 

1 7. A device according to any of claims 1 2 to 1 6, where- 
10 jn the pump means is attached to a support block 
(40) through which a guide wire passes, the support 
block preferably comprising means (69,70,71) to 
secure the guide wire. 



1. Vorrichtung zum Entfernen von intraluminalen Ok- 
klusionen aus einem Patienten, umfassend: 

20 

einen Katheter (1 ) mit einer Langsachse, einem 
distalen Ende zum Einfuhren in den Patienten, 
und einem proximalen Ende; 

25 einen Kolben (7) im distalen Ende des Kathe- 

ters fur die gleichzeitige Langs- und Drehbewe- 
gung darin; 

Mittel zum gleichzeitigen Langs- und Hin- und 
30 Herbewegen des Kolbens im Katheter und als 

Reaktion auf die Langs- und Hin- und Herbe- 
wegung Drehen des Kolbens urn die Langsach- 
se; und 

35 einen am Kolben befestigten Schneidkopf (16) 

fur eine gleichzeitige Langs und Drehbewe- 
gung zusammen mit dem Kolben; 

dadurch gekennzeichnet, dass die Mittel zum Be- 
^o wegen des Kolbens zusammen eine Nut (13) in 
Form einer geschlossenen Welle, die entweder in 
einer Umfangsflache des Kolbens Oder in einer In- 
nenflache des distalen Endes des Katheters gebil- 
det ist, sowie einen Stift (14), der aus der anderen 
45 der beiden Flachen vorsteht und in der Nut aufge- 
nommen ist, umfassen. 

2. Vorrichtung nach Anspruch 1, bei der die Nut in 
Form einer geschlossenen Welle in einer Umfangs- 

50 flache des Kolbens gebildet ist und der Stift von ei- 
ner Innenflache des Katheters vorsteht. 

3. Vorrichtung nach Anspruch 1, bei der die Nut in 
Form einer geschlossenen Welle in einer Innenfla- 

55 che des Katheters gebildet ist und der Stift von der 
Umfangsflache des Kolbens vorsteht. 

4. Vorrichtung nach einem der Anspriiche 1 bis 3, bei 
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der sich der Schneidkopf in einer Position seiner 
Langsbewegung im distalen Ende des Katheters 
befindet und sich in einer anderen Position uber das 
distale Ende des Katheters hinaus erstreckt. 

5. Vorrichtung nach einem der vorhergehenden An- 
spruche, bei der der Schneidkopf mindestens ein 
Schneidmesser(19) umfasst. 

6. Vorrichtung nach einem der vorhergehenden An- 
spruche, bei der der Katheter eine Kammer (20) 
zum Aufnehmen von vom Schneidkopf geschnitte- 
nem Material enthalt, wobei die Kammer zwischen 
dem Kolben und dem Schneidkopf angeordnet ist 
und der Schneidkopf eine Bohrung (21) zum Durch- 
ieiten von Material in die Kammer aufweist. 

7. Vorrichtung nach Anspruch 6, bei der die Kammer 
uber einen Durchgang mit dem proximalen Ende 
des Katheters verbunden ist. 

8. Vorrichtung nach einem der vorhergehenden An- 
spruche, bei der der Katheter einen Fuhrungsdraht 
(12) enthalt, der sich durch den Kolben und den 
Schneidkopf erstreckt. 

9. Vorrichtung nach Anspruch 8, bei der sich der Fuh- 
rungsdraht uber das distale Ende des Katheters 
hinaus erstreckt. 

10. Vorrichtung nach Anspruch 8, bei der der Katheter 
eine verzweigte Armatur (98) in der Nahe seines 
proximalen Endes enthalt und der Fuhrungsdraht 
durch diese verzweigte Armatur in den Katheter 
eindringt. 

11. Vorrichtung nach Anspruch 10, bei der die ver- 
zweigte Armatur Mittel (69, 70, 71) zum Befestigen 
des Fuhrungsdrahts umfasst. 

12. Vorrichtung nach einem der vorhergehenden An- 
spruche, bei der ein Pumpenmittel (58) am proxi- 
malen Ende des Katheters vorgesehen ist, urn zum 
Antreiben des Kolbens auf den Kolben Flussigkeits- 
druck auszuuben. 

13. Vorrichtung nach Anspruch 12, bei der das Pum- 
penmittel ein Hubkolbenpumpenmittel umfasst. 

14. Vorrichtung nach Anspruch 13, bei der das Pum- 
penmittel ein Doppelpumpmittel sowohl zum Auf- 
bringen von Flussigkeitsdruck auf den Kolben als 
auch zum Aufbringen eines Vakuums auf aspirier- 
tes, vom Schneid mittel geschnittenes Material um- 
fasst. 

15. Vorrichtung nach Anspruch 14, bei der das Pum- 
penmittel einen Einzelkolben zum Durchfuhren des 



Doppelpumpens umfasst. 

16. Vorrichtung nach einem der Anspruche 12 bis 15, 
bei der das Pumpenmittel eine Kammer zum Auf- 

5 nehmen geschnittenen Materials umfasst. 

17. Vorrichtung nach einem der Anspruche 12 bis 16, 
bei der das Pumpenmittel an einem Tragerblock 
(40), durch den ein Fuhrungsdraht verlauft, befe- 

10 stigt ist, wobei der Tragerblock vorzugsweise Mittel 
(69, 70, 71) zum Befestigen des Fuhrungsdrahts 
umfasst. 



15 Revendications 

1 . Dispositif pour la realisation de desobstructions in- 
travasculaires chez un patient, le dispositif 
comprenant : 

20 

un catheter (1) comportant un axe longitudinal, 
une extremite distale destinee a etre inseree 
dans le patient, et une extremite proximale ; 
un piston (7) situe a Pinterieur de I'extremite dis- 

25 tale du catheter pour effectuer simultanement 

un mouvement longitudinal et un mouvement 
de rotation dans celle-ci ; 
des moyens pour deplacer le piston simultane- 
ment suivant un mouvement longitudinal et un 

30 mouvement alternatif a I'iriterieur du catheter et 

pour le faire tourner, en reponse aux mouve- 
ments longitudinal et alternatif, autour dudit axe 
longitudinal ; et 

une tete de coupe (16) fixee au piston pour ef- 
35 fectuer simultanement un mouvement longitu- 

dinal et un mouvement de rotation conjointe- 
ment avec le piston ; 

caracterise en ce que lesdits moyens pour 
40 deplacer le piston comprennent, en combinaison, 
une gorge fermee de forme sinueuse (13) realisee 
dans une surface circonferentielle du piston ou 
dans une surface interieure de I'extremite distale du 
catheter, et un doigt (14) faisant saillie sur ('autre 
45 desdites deux surfaces et recu dans la gorge. 

2. Dispositif selon la revendication 1, dans lequel la 
gorge fermee de forme sinueuse est realisee dans 
une surface circonferentielle du piston et le doigt fait 

50 saillie sur une surface interieure du catheter. 

3. Dispositif selon la revendication 1, dans lequel la 
gorge fermee de forme sinueuse est realisee dans 
une surface interieure du catheter et le doigt fait 

55 saillie sur la surface circonferentielle du piston. 

4. Dispositif selon Tune quelconque des revendica- 
tions 1 a 3, dans lequel, au niveau d'une position 
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de son mouvement longitudinal, la tete de coupe se 
trouve a Tinterieur de Textremite distale du catheter, 
et au niveau d'une autre position, la tete de coupe 
s'etend au-dela de Textremite distale du catheter. 

5. Dispositif selon Tune quelconque des revendica- 
tions precedentes, dans lequel la tete de coupe 
comprend au moins une lame de coupe (19). 

6. Dispositif selon Tune quelconque des revendica- 
tions precedentes, dans lequel le catheter com- 
prend une chambre (20) pour recevoir la matiere 
coupee par la tete de coupe, la chambre etant si- 
tuee entre le piston et la tete de coupe, et la tete de 
coupe est traversee par un trou (21) pour permettre 
le passage de la matiere dans la chambre. 

7. Dispositif selon la revendication 6, dans lequel la 
chambre est reliee par un passage a Textremite 
proximale du catheter. 

8. Dispositif selon Tune quelconque des revendica- 
tions precedentes, dans lequel le catheter com- 
prend un fil de guidage (12) qui s'etend a travers le 
piston et la tete de coupe. 

9. Dispositif selon la revendication 8, dans lequel le fil 
de guidage s'etend au-dela de Textremite distale du 
catheter. 

10. Dispositif selon la revendication 8, dans lequel le 
catheter comprend un raccord d'embranchement 
(98) a proximite de son extremite proximale et le fil 
de guidage penetre dans le catheter a travers ce 
raccord d'embranchement. 

11. Dispositif selon la revendication 10, dans lequel le 
raccord d'embranchement comprend des moyens 
(69, 70, 71) pour fixer le fil de guidage. 

12. Dispositif selon Tune quelconque des revendica- 
tions precedentes, dans lequel des moyens formant 
pompe (58) sont prevus au niveau de Textremite 
proximale du catheter pour appliquer une pression 
fiuidique au piston afin de Tentrainer. 

13. Dispositif selon la revendication 12, dans lequel les 
moyens formant pompe comprennent des moyens 
formant pompe alternative. 

14. Dispositif selon la revendication 13, dans lequel les 
moyens formant pompe comprennent des moyens 
de pompage a double action pour a la fois appliquer 
une pression fiuidique au piston et creer un vide afin 
d'aspirer la matiere coupee par les moyens de cou- 
pe. 

15. Dispositif selon la revendication 14, dans lequel les 



moyens formant pompe comprennent un seul pis- 
ton pour effectuer ledit pompage a double action. 

16. Dispositif selon Tune quelconque des revendica- 
5 tions 1 2 a 1 5, dans lequel les moyens formant pom- 
pe comprennent une chambre pour recueillir la ma- 
tiere coupee. 

17. Dispositif selon Tune quelconque des revendica- 
tions 12 a 16, dans lequel les moyens formant pom- 
pe sont relies a un bloc de support (40) a travers 
lequel passe un fit de guidage, le bloc de support 
comprenant de preference des moyens (69, 70, 71) 
pour fixer le fil de guidage. 
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